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Southwest Regional Partnership

In all partner states:

• major universities

• geologic survey 

• other state agencies

• over 50 partners

as well as

• Western Governors Association

• five major utilities

• seven energy companies

• three federal agencies

• the Navajo Nation

• many other critical partners
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Southwest Regional Partnership

Phase I: Characterization (2003 – 2005)

Phase 2: Validation Testing (2005 – 2009)

Phase 3: Deployment  

Terrestrial Sequestration

Geologic Sequestration
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Southwestern U.S. 

Atlas (Inventory) of 

Sources and Sinks

Phase I Results: Source/Sink Inventory 
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“String of Pearls”

Phase 2 tests intended to

demonstrate 

short-term strategy:

sequester along pipelines

Southwest Phase 2 “Concept”



Aneth EOR & Sequestration:

- Injection began Aug 2007 - ongoing

- 292,300 tons total in SWP wells

- Successful seismic imaging 

- Successful tracer monitoring

- Successful concomitant EOR with 

net CO2 storage

San Juan ECBM & Sequestration

- Injection July 2008 - July 2009

- 18,400 tons in SWP injection well

- Successful vertical seismic profiling, 

- Successful tiltmeter deployment

- Successful tracer testing

- Successful methane recovery with CCS

SWP Phase 2 Projects Summary

Aneth EOR & Sequestration

San Juan ECBM 

& Sequestration

SACROC EOR 

& Sequestration



Aneth EOR & Sequestration

San Juan ECBM 

& Sequestration

SACROC EOR 

& Sequestration

SACROC EOR & Sequestration:

- Injection began Oct 2008 and is ongoing

- Approximate 350,000 tons/year rate

- 4-D seismic imaging analysis ongoing

- Groundwater impacts methods

- Post-audit of trapping mechanisms 

and their relative roles, following 35  

years of CO2 injection for EOR 

- Successful concomitant EOR and CCS

- Ongoing risk assessment suggests 

negligible CCS risks at this site

Terrestrial Sequestration:

- final analysis suggests that 1 to 5 power 

plants’ worth of emissions can be offset 

by altered land management

- successful local-scale terrestrial pilot

with San Juan Basin ECBM injection

SWP Phase 2 Projects Summary
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Regional Context of Phase 2 Tests



BROWN, ALAN  319065  x5616  /  PFI76085.CDR

Modified from Stevenson and Baars (1984), Hite and Buckner (1987), and Stroud (1994)

PARADOX SHELF CARBONATES PARADOX EVAPORITE BASIN

NESW

Ismay
Desert Creek

U
n

c
o

l

m
p

a
h

g
re

U
p

if
t

Barker Creek Miss

n

is

i

si

o

pp
an

y

f
U

con
r

t
m

i

Honaker Trail Fm

Honaker 
Trail 

Locality

Bug-
Papoose

Fields

Aneth
Field

H
el

m
o

sc
e

G
ro

u
p

F
o

u
r

C
o

rn
er

s
L

in
ea

m
en

t

A
b

aj
o

H
in

g
e

Regional Context  



Regional Context  

BROWN, ALAN  319065  x5616  /  PFI76085.CDR

Modified from Stevenson and Baars (1984), Hite and Buckner (1987), and Stroud (1994)

PARADOX SHELF CARBONATES PARADOX EVAPORITE BASIN

NESW

Ismay
Desert Creek

U
n

c
o

l

m
p

a
h

g
r
e

U
p

if
t

Barker Creek M
iss

n

is

i

si

o

pp
an

y

f
U

con
r

t
m

i

Honaker Trail Fm

Honaker 
Trail 

Locality

Bug-
Papoose

Fields

Aneth
Field

H
e

lm
o

s
c
e

G
ro

u
p

F
o

u
r

C
o

rn
e

rs
L

in
e
a
m

e
n

t

A
b

a
jo

H
in

g
e

Aneth test site:

- Colorado Plateau province

- Pennsylvanian-age formations

- Carbonates

- EOR with Sequestration



San Juan test site:

- Colorado Plateau province

- Cretaceous-age formations

- Coal, SS, Shale

- ECBM with Sequestration

Regional Context  



SACROC test site:

- Great Plains province

- Pennsylvanian-age formations

- Carbonates

- EOR with Sequestration

Regional Context  



So, what might be most appropriate for Phase 3 

deployment?   

Regional Context  



So, what might be most appropriate for Phase 3 deployment?   

- deep saline - more capacity

- Jurassic and older sandstones - more SS options

- Colorado Plateau / Rocky Mtns - more power plants

Regional Context  
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• What is the SWP and its partners planning for 2010?

– 1,000,000 tons per year for multiple years  

– “blueprint” for future commercial sequestration

• Why are we conducting this testing?

– many deep saline formations common to all basins

– deep Jurassic- and older “clean” sandstones in all states  

– representative commercial sites  

• How are we carrying out this testing?

– Close collaboration among Partnership and industry  

– Concerted coordination with regulatory agencies 

SWP Phase 3 - What and Why
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SWP Phase 3 - What and Why

• Validate Geologic Storage
– Injectivity 

– Capacity

– Permanence 

• Develop Monitoring Methodologies
– Areal Extent of Plume  

• Develop from Experience
– Risk Assessment Strategies

– Best Practices for Industry

• Support Regulatory Development

• Engage in Public Outreach and Education



22

Commercial-Scale Project Location:

Wasatch Plateau, Utah

CO2 Source = White Rim Formation (natural)

Wasatch Plateau Project

Details:

- Gordon Creek Field

(active gas field)

- 2,900,000 tons

minimum

- 3 year injection 

minimum

- focus on    

transferability of 

results (site-to-site) 

- target injection 

start date: 2011



23

Wasatch Plateau Project
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Wasatch Plateau Project
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Wasatch Plateau Project: Location

Gordon Creek Field



Wasatch Plateau Project:

Location and Geology

Stacked System“Ring of Power”
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Single zone

Injection

(Navajo Fm):

Dual zone

Injection

(Entrada & 

Navajo Fm)

Wasatch Plateau Project: Storage Formations

Multiple-Zone

Injection and Storage

Assessment
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Single zone

Injection

(Navajo Fm):

Dual zone

Injection

(Entrada & 

Navajo Fm)

Wasatch Plateau Project: Storage Formations

Multiple-Zone

Injection and Storage

Assessment
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Wasatch Plateau Project: CO2 Source

Natural CO2 Reservoir

Advantages:

- FREE 

- (Ahem…cost of production)

- still facilitates goals:

- MVA efficacy

- injectivity design

- risk asssessment

- mitigation design

- water management



Wasatch Plateau, Utah:

Baseline Modeling for MVA

Figure by Si-Yong Lee



Wasatch Plateau, Utah:

Baseline Modeling for MVA



Top of White Rim

Wasatch Plateau, Utah:

Baseline Modeling for MVA



Top of Wingate

Top of White Rim

Wasatch Plateau, Utah:

Baseline Modeling for MVA



Top of Navajo
Top of Wingate

Top of White Rim

Wasatch Plateau, Utah:

Baseline Modeling for MVA



5 Mile Radius

Figure by Si-Yong Lee

Wasatch Plateau, Utah:

Baseline Modeling for MVA



5 Mile Radius

Wasatch Plateau, Utah:

Baseline Modeling for MVA



5 Mile Radius

Wasatch Plateau, Utah:

Baseline Modeling for MVA
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Formation Structure of

Wasatch Plateau Reservoir

Well logs 

used to 

construct 

initial general 

model of 

Wasatch 

Plateau site

Wasatch Plateau Project



Plume-spreading “footprint” is 

less than a half-mile for a small-

scale injection demonstration.

Wasatch Plateau Project
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10-year Injection of 2M tons/year

Wasatch Plateau Project

 Wasatch Plateau, Utah

Initial modeling of 

capacity and stability

 Additional data anticipated…
– Core from target and seal formations  

– Accurate logs from injection well  

– High Resolution 3D seismic  
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Single zone

Injection

(Navajo Fm):

Dual zone

Injection

(Entrada & 

Navajo Fm)

Wasatch Plateau Project: Deployment Design

Multiple-Zone

Injection and Storage

Assessment



NAVAJO CARMEL ENTRADA

CURTIS / 

SUMMERVILLE

FUNCTION
1 Reservoir 1 Seal 2 Reservoir 2 Seal

Storage Capacity/1.0 

mi2 (million tons) 0.01 

to 0.05 efficiency

0.24 - 1.22 NA NA NA

Depth (m) 8400 7650 6585 5895

Thickness (m) 350 650 1065 690

Temperature (*C) 149 144 131 127

Pressure (Mpa) 4050 3600 3050 2750

~Permeability (mD) 10 0.001 5 0.001

~Porosity 10% 2% 10% 2%

Lithology                                                                                                                    
Eolian 

Sandstone

Interbedded limestone, 

shale, siltstone, 

sandstone, evaporites

Eolian 

Sandstone

Interbedded shale, 

siltstone, sandstone

Mineralogy/ Chemical 

Composition

quartz with 

feldspar and 

minor clay

Silicates (quartz, 

feldspar) carbonates, 

phosphorites 

(carbonate-

fluorapatite) and 

sulfides

quartz with 

feldspar and 

minor clay

illite, chloaite, quartz, 

calcite, dolomite, 

plagioclase, authigenic 

pyrite and trace 

amounts of other 

minerals

NA = Not Applicable

Phase III Deployment Design
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Initial Field 

Engineering Design:

Site map including 

existing and 

projected wells, CO2

pipeline, and CO2 

processing facilities.

Phase III Deployment Design



Phase III Deployment Design

Some 

uncertainty 

regarding 

structural high at 

center of the 

field



Phase III Deployment Design

(1) Interpreted 

as an anticline



Phase III Deployment Design

(2) But it is also 

possible that a 

small fault lies 

adjacent to the 

apex



Phase III Deployment 

Design: Seismic

3D Seismic

2D Seismic

VSP



Initial Monitoring Plans: VSP Site Map



5050Phase III Deployment Design: Surface Facilities
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Phase III Deployment Design: Surface Facilities

Production

Wells

Dehydration

Water Disposal

Compression

Injection

Well

Line 

Heaters
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Phase III Deployment Design: Surface Facilities

Gas Composition 



5353

Phase III Deployment Design: Surface Facilities

2-3 Stage Compression
200-400 psia production

1800-2000 psia injection



Monitoring Objectives Equipment

Soil gas flux (CH4, 

CO2, O2, N2, 

hydrocarbons) 

Nobel gas analysis

Isotope analysis

 CO2 leakage; 

 Measure compositional 

and isotopic fluxes;

 Measure the total 

concentration of CO2 and the 

vertical flux of isotopes with 

precision high enough to 

resolve diurnal variations 

caused by natural sources 

and isotopic shifts between 

natural and fossil sources;  

 Thief zone monitoring

 Gas chromatograph (GC);

 Picarro isotope analyzer for gas 

isotope analysis;

 The Aerodyne Research Inc. (ARI) 

CO2 instrument, Sandia National 

Laboraotry)

Phase III Deployment Design: MVA

Surface and near-surface gas flux monitoring



Existing wells

New drilling 

wells

 CO2 leakage

 Identification of 

ground water 

contamination 

 Ion chromatograph (IC)

 Inductively coupled 

plasma - mass 

spectrometer (ICPMS)

Phase III Deployment Design: MVA

Shallow groundwater quality monitoring wells



Downhole P,T 

monitoring

Chemical sensor (pH)

Downhole water 

sampling

Tracers 

 CO2 plume 

tracking

 Impact of CO2

injection on 

receiving aquifer

 Pressure, temperature sensor

 Chemical sensor

 Ion chromatograph (IC)

 Inductively coupled plasma -

mass spectrometer (ICPMS)

 Total organic carbon analyzer 

(TOC)

 Total inorganic carbon (?)

 Picarro isotope analyzer

Phase III Deployment Design: MVA

Monitoring well   



Isotope analysis of 

CH4 and CO2

Compositional 

analysis of produced 

gases

 Caprock integrity 

 Leakage; use isotopic 

mixing methods to 

characterize mixing and 

transport processes in 

the reservoir

 Picarro isotope 

analyzer in the field

Phase III Deployment Design: MVA

Methane producing wells



Isotope analysis

Downhole P,T 

monitoring at 

different formations

Wellhead pressure

 CO2 source 

analysis

 CO2 supply

 CO2 plume 

tracking

 Picarro isotope 

analyzer

Phase III Deployment Design: MVA

CO2 production well



Downhole P,T 

monitoring

Wellhead pressure

Injection 

volume/rate

Pump testing

 Injectivity monitoring

 Operating adjustment

 Reservoir diagnostics to 

characterize boundary 

conditions; obtain 

permeability

 Pressure sensor

 Temperature sensor

 Pressure gauge

 Flow meter

Phase III Deployment Design: MVA

Injection well
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Alternative Site: Rock Springs Uplift

Key Aspects:

- 2,900,000 tons minimum

- 3 year injection minimum

- focus on transferability of 

results (site-to-site) 

- target injection start date: 

2011

Geologic Map by WGS



Rock Springs Option

Injection Targets: Jurassic Entrada / Navajo 

and Pennsylvanian Weber (White Rim)

Figure by Ron Surdam



Figure by Ron Surdam



Alternative Site: Rock Springs Uplift

How does this 

alternative site 

compare to the 

Wasatch Plateau 

site?



Comparison of Primary & Alternative Site



Comparison of Primary & Alternative Site

9000’ 9300’



Comparison of Primary & Alternative Site

9000’ 9300’

11800’

11000’

source sink



Gordon Creek: upper right and lower left

Rock Springs: upper left and lower right

Comparison of Primary & Alternative Site
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General Comparison of Options

Identical (or very similar) attributes:

(1) stratigraphy and lithologies

(2) structural geology

(3) same MVA design

(4) same project engineering design 

Differing attributes:

(1) CO2 sources

- natural CO2 at Wasatch Plateau

- natural and anthropogenic sources at Rock Springs

(2) liability

- short-term liability defined for Wyoming

- long-term liability options not definitive in    

WY or UT, but path forward is becoming clear

http://rockspringswyhomes.com/images/rock-springs-wy.jpg
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Summary Goals  

Phase 3 Summary:

– 1,000,000 tons per year for multiple years  

– MVA efficacy

– Risk assessment efficacy

– Mitigation / reservoir engineering design

– Water management

– “blueprint” for future commercial sequestration

Greatest Obstacle:

Long-term liability options not definitive in    

WY or UT, but path forward is becoming clear

http://rockspringswyhomes.com/images/rock-springs-wy.jpg
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Phase 2 Lessons Learned?

Too many specific lessons to list.  A specific sub-list, for sake of 

example, focuses on microseismicity:

• Microseismicity - both natural and induced - occurs just about 

everywhere  

• Most seismic/microseismic events are associated with:

• pre-existing faults

• low permeability zones

(3) Microseismicity can aid in identifying geologic features like “critically-

stressed” faults

(4) Induced seismicity can be controlled through effective 

reservoir/injection engineering

(5) Careful and effective site characterization and selection are keys to 

successful microseismicity management  
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• Oil/gas fields can play an important role 

in deep saline sequestration

• In all cases, it is difficult to predict 

geomechanical processes

• In all cases, it is difficult to predict 

induced or triggered seismicity 

• CO2 Diffusivity = Hydraulic Diffusivity 

Some “Big Picture” Lessons Learned



Aneth EOR & Sequestration

San Juan ECBM 

& Sequestration

SACROC EOR 

& Sequestration

Phase 3 Site Option 

Phase 3 Site Option 


